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Grand Lake O'the, Cherokees is situated in Mayes, 
Delaware and Ottowa Counties approximately 10 miles east 
' 
of V1n1ta and 70 m1les northeast of Tulsa, Oklahoma. The 
lake receives,drainage from the Spring and Neosho R1vers. 
W1th the close of World War II, mining act1vity 1n the 
Tri-State Mining District made up of Oklahoma, Kansas and 
M1ssouri gradually ceased. The abandoned mine shafts 
filled with water which reacted with iron pyritic minerals 
to form an acidic solution, with pH values ranging from 3 
to 5 [1]. Eventually, the acidic water, laden w1th heavy 
metals in solution, flowed out of the mines and reached the 
surface where it flowed into a tributary of Tar Creek. In 
1981, the Tar Creek s1te was described as one of the na-
tion's most severely polluted sites. The remed1al program 
under Superfund lasted six years and consisted of efforts 
to plug and cap abandoned water wells. D1vers1on of flows 
around sinkholes and mine cave-ins was also part of the 
clean up. 
A~gus, et al. [2] found that although Tar Creek con-
tributed the highest concentration of metals to Neosho 
River and Grand Lake, Spr1ng R1ver transported the largest 
1 
total load 1nto Grand Lake, due to 1ts greater d1scharge 
volume. The Galena, Kansas site, also a Superfund s1te, 1s 
the source of d1ssolved mine tailings which find their way 
1nto Grand Lake near Wyandotte, OK, via Spring River. 
The study also found a decrease in the heavy metal concen-
tratlon downlake from the confluence of Spr1ng River, 
implying that a greater percentage of sed1mentat1on occurs 
at the upper end of the lake. The 1mpact of future deposl-
tion in Grand Lake has yet to be assessed. 
McCormick [3] in a previous study, analyzed sed1ment 
cores from the mouth of Tar Creek, the Tar Creek-Neosho 
R1ver confluence and the upper end of Grand Lake for heavy 
metals. Elevated concentrat1ons of some metals were found 
1n all three s1tes. However, 1n an acute assay w1th Daph-
nla magna of leachate from sediment extracted at pH 6, no 
tox1c1ty was observed for Grand Lake sed1ment wh1le s1tes 1 
and 2 produced s1gnif1cant toxic1ty. 
Dawson et al. [4] evaluated the developmental tox1c1ty 
of sed1ment collected from two s1milar sites, Tar Creek and 
the Neosho R1ver w1th frog and fathead m1nnow embryo-larval 
teratogenes1s assays. Levels of metals in the sed1ment 
suggested that z1nc was the maJor developmental tox1cant. 
It was found that the EC50 (malformat1on of 50% of the f1sh 
embryos) 1n the extracts was 0.5 - 1.4 mgjl z1nc aft~r 
normalizaton to 100 mgjl hardness [4]. Due to the h1gh 
concentrations of z1nc 1n Grand Lake sediments th1s test 
should be a useful 1ndicator of potent1al developmental 
2 
effects. 
The object1ves of this study are to: 
1) estimate the levels of cadmium, lead and zinc 
1n gizzard shad by liver and kidney analyses 
via atomic absorption, 
2) relate fish residue concentrations with levels of 
dissolved metals 1n the water column at surface 
and bottom depths to quantify the bioavailability 
of these ~etals, 
3) evaluate the effects of Grand Lake water column 
samples upon surv1val and reproduct1on of 
Ceriodaphnia dubia, and 
4) evaluate the effects of Grand Lake sediment ex-
tracts upon surv1val of Daphnia magna, Hyallela 
azteca, Ceriodaphnia dub1a and surv1val and tera-




REVIEW OF THE LITERATURE 
Heavy metal contam1nants in aquat1c systems undergo 
two major routes of transport: 1n solution 1n the water 
column and in associat1on with suspended part1culates. 
Heavy metals may be associated with particles in the fol-
lowlng ways: adsorbed at part1cle surfaces, carbonate-
bound, occluded 1n iron and or manganese oxyhydrox1des, 
assoc1ated with organic matter (liv1ng or detr1tal) , sul-
flde-bound, or matr1x-bound [5]. In add1t1on to the 
suspended particulate phase, metals in natural water sys-
tems may be part1tioned in two other phases: aqueous, and 
bottom sediment, all of wh1ch may be ava1lable to organ-
lsms. Sed1ments can act as temporary or sem1-permanent 
storage phases during these transport processes. In the 
latter phase, sed1ments can act as contam1nant sources 
after the water column pollution has declined and the 
long-term biolog1cal effects of th1s process are not well 
characterized. 
D1scussions of the b1oavailabil1ty of metals must 
1nclude a descript1on of the var1ous forms taken by the 
metal. Th1s requ1res 1nformat1on about the metal content 
of a part1cular water sample to be partitioned into d1s-
4 
solved and suspended metal loads. 
The total metal concentration 1n aquat1c systems 1s 
made up of 1onic, colloidal, complexed and particulate 
forms. Two analytical techniques may be appl1ed to the 
problem of metal spec1at1on, anodic stripp1ng voltammetry 
and ultraf1ltrat1on and dialysis. The former separates 
metal species into electroact1ve, (aqueous 1ons and lab1le 
complexes) and electroinactive (organic complexes and 
collo1dal species) components. F1ltrat1on or d1alys1s 
separates metal spec1es based on size. Conventionally, the 
portion passing through a 0.45 urn diameter membrane f1lter 
1s cons1dered to contain the free metal 1on and small 
complexes w1th organ1c ligands such as am1no, fulv1c and 
humic acids. 
It is this latter portion of free ions and weakly 
complexed species that is considered to be b1oavailable 
wh1le the non-labile portion of inert metal complexes 1s 
cons1dered to be biologically unava1lable (6]. Thus, the 
ava1lab1l1ty of heavy metals for biota is closely related 
to the chemical species both in solution and 1n part1culate 
matter. L1ttle 1s known, however, about the chem1cal 
assoc1ation of metals in suspended mater1als and sed1ments. 
Recent data concerning the tox1c1ty of metals to 
aquatic organisms show effect levels over many orders of 
magn1tude of total metal load, suggesting that total metal 
content is not an 1ndicator of metal bioavailabil1ty. 
Instead, metal tox1c1ty 1n an aquat1c system 1s usually a 
5 
funct1on of the free or ionic metal form and some hydro-
lyzed spec1es. In sed1ment, the 1ssue of b1oava1labll1ty 
becomes more complex. 
In any case, for benthic 1nvertebrates such as ~ 
tentans and ~ azteca, tox1c effects can be expected to 
occur only 1f the chem1cal concentrat1on 1s h1gh enough 1n 
the sediments such that the equil1br1um interst1t1al water 
concentration due to desorption is equal to or greater than 
the concentration demonstrated to cause an effect 1n a 
water exposure sediment-free test [7]. 
Sed1ments may be characterized with respect to metal 
spec1at1on. Methods 1nclude fract1onation by s1ze and 
phys1cochemical methods. The metal ox1de, organ1c calcium 
carbonate coatings or phases of sediment, along w1th 1on 
exchange s1tes, are respons1ble for the sorpt1on of metal 
1ons from solution. 
Add1ng to the difflculty of measur1ng sed1ment toxlcl-
ty, 1t has been found that contaminants sorbed to naturally 
aged sediments have a readily desorbable labile fract1on 
and a fraction resistant to equil1br1um. This latter 
fraction requires a longer period of time to reach desorp-
tlon equ1librium than lab-spiked sed1ments [8]. 
Jenne and Luoma, [9] in a study of the part1culate 
phase, rev1ewed the phys1cochem1cal part1t1on1ng of metals, 
in particular, cadmium. It was suggested that the most 
likely sinks for th1s metal were ox1des and organ1c sub-
stances. They also found that the b1oava1labil1ty of 
6 
cadm1um is controlled by the equil1brium concentrations in 
the sed1ment-water interface. This equilibrium is main-
tained by sorption-desorption and dissolution-precipitation 
reactions. 
McCormick [3] obtained sediment leachates from Grand 
Lake sed1ment samples extracted w1th reconstituted water at 
pH values of 3, 4, 5, 6, 7, 8 and 9. McCormick found that 
' 
lead extractability was least sensitive to pH while z1nc 
extractability was very sensitive. 
Releases of metals from sed1ment may occur naturally, 
or as a result of human activity. Examples of the latter 
1nclude dredging, land disposal of contaminated sediments 
and pH changes due to ac1d rain. 
Examples of the former cited by Forstner and Prosi 
[10] include an increase in salinity, of concern in the 
estuarine env1ronment, a decrease in pH, the introduct1on 
of synthetic complexing agents as substitutes for phos-
phates 1n detergents, the action of microbes and physical 
effects such as erosion, dredging and bioturbation. Natu-
ral release 'mechanisms are dependent upon the physicochemi-
cal conditions of both the sed1ment and the water column, 
since contaminants are released"from sedimenting part1cles 
during their fall through the water column. Cruc1al to 
release processes is the position of the interface between 
oxic and anoxic strata. In homogeneous aquatic systems, 
this 1nterface or redoxcline is located 'in the sed1ments 
and in the water column for some stratified lakes [11]. 
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The sediment-water complex can be div1ded 1nto three 
layers: the oxic zone, the anoxic zone and the interven1ng 
layer, the redoxcline. The oxic zone may extend 1nto the 
sediment of well-mixed aquatic systems and it is here that 
degradatio~ of the sediment particles, occurs. Oxygen 
def1ciency in sediments leads to d1ssol~tion of hydrated 
manganese oxide, followed by dissolution of iron oxide. In 
this divalent state, these ions~ are soluble, as well as any 
co-precipitates with metallic coatings. 'Forstner and Prosl 
[10] found ind1cations that Cu, Zn, and Cd are released 
from anoxic sediments into surface waters. 
Grand Lake exhibits a dimictic type of thermal stratl-
fication [12]. During the summer stratification period, 
the hypolimnion becomes anoxic and the pH is reduced to 
about 6.0 - 7.0, produc1ng a potential for cons1derable 
red1ssolution of toxic metals from the sediments and later 
red1stribution throughout the lake. 
Due to the hardness of the water in Grand Lake and the 
resulting rapid sedimentation, the system appears to serve 
as an effective s1nk for heavy metals. Most of the tox1c 
metals are not very soluble and therefore quickly adsorb 
onto particulate matter in the impacted ecosystem. As a 
result of the rap1d sedimentation rate in Grand Lake, the 
water column metal levels rapidly decrease, even close to 
the source of input. However, intermittent resuspens1on of 
the sediments occurs due to flooding of the Neosho and 
Spr1ng Rivers wh1ch can produce currents for several m1les 
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downstream 1nto the lake and result in sed1ment red1str1bu-
t1on [13]. 
Factors such as this contr1bute to the problem of 
determining heavy metal bioavailability in aquatic systems. 
S1nce most aquatic organisms are in contact with trace 
metals in d1ssolved and particulate forms, accumulat1on can 
occur from the water or the sol1d phases [5]. Thus, the 
particulate fract1on may serve as a s1gnif1cant chron1c and 
acute source of metals to b1ota. The feeding habits of 
detrit1vores and poss1ble physical disturbances such as 
dredging or seasonal flooding, respect1vely, account for 
these potent1al responses. 
In an extensive rev1ew on the effects of heavy metal 
contam1nation on aquatic organ1sms, Mance [14] found sever-
al trends. F1rst, it was observed that salmon1d spec1es 
are ten t1mes more sensitive to the effects of cadmium than 
are the non-salmon1ds. Th1s trend was repeated for the 
short-term (4-day exposure) effects of zinc, but was con-
tradicted for long-term exposure. Here, non-salmon1ds were 
found to be at least as sensitive to the effects of z1nc as 
the salmonids. Mance found little difference 1n the re-
sponse of salmonids and non-salmonids to the effects of 
lead. Also, there appears to be no difference in the 
tox1c1ty of the var1ous 1norgan1c salts of lead. 
Mance [14] found that for all fish spec1es exam1ned, 
as water hardness (mgjl CaC03) increases, tox1c1ty de-
creases. He also found that the adverse effect level 
9 
decreases with an increase in the duration of lead and 
cadm1um exposure. 
In an assessment of effects on invertebrates, Mance 
found that crustaceans were most sens1tive to lead and 
cadmium. This class was most commonly represented by ~ 
magna, with little to no information concerning ~ dub1a. 
It was found that insect larvae were the least sensitive to 
the effects of cadmium, with response concentrat1ons corre-
sponding to those of freshwater f1sh. Studies of the 
effects of water hardness using Tubifex tubifex and ~ 
magna show that an increase 1n hardness reduced zinc tox1c-
1ty, but other studies were 1nconclusive, or 1n some cases, 
even suggested the reverse [14]. 
Variability among reported effects levels is hlgh for 
most metals. O'Donnell et al. [15] found a range from 0.01 
- 63,500 ugjl in a review of 101 studies of copper tox1c1ty 
1n aquatic systems,. Biological, chemical and exper1mental 
factors contribute to this variation. 
In preparation for an assessment of the acute tox1city 
of,contaminated sediments, Ziegenf~ss et al. [16] found~ 
magna to be more sensitive than Chironomus tentans 1n 
seventeen standard acute toxic1ty tests of organic cheml-
cals and heavy metals without sed1ment, s1gnificantly so 
for heavy metals. In a sediment toxicity test using both 
~magna and~ tentans, the 48-hour LC50's for kepone 
were calculated for each species based on the chemical 
concentration 1n the sediment, the column water and the 
10 
sed1ment 1nterst1tial water. The results indicated that 
the primary exposure was via the water, not the sediments 
as such. This conclusion was based on the fact that the 
LC50 values of the water concentrations were about equal 
, 
with and without sediments [16]. 
Adams et al. [7] examined the effects of kepone-con-
taminated sediment on ~ tentans. The study concluded that 
the main route of exposure was from the interstit1al water 
and or the water at the sediment-water interface. 
Geisy et al. [17] compared three sediment b1oassay 
techniques using sediments frbm the Detroit River contam1-
nated with heavy metals and organic compounds. The ability 
of the ~magna 48-hour lethality assay, the Photobacter1um 
phosphoreum 15-minute bioluminescence inhibit1on (M1crotox) 
assay and the ~ tentans 10-d growth reduction assay to 
distinguish grades of toxicity was assessed. Of the three, 
the first two were conducted with sediment pore water and 
the latter with whole sediment samples. 
It was found that the ~ magna 48-h acute bioassay 
was capable of predicting toxicity so great that benth1c 
1nvertebrates would not be expected to be present. The 
Microtox assay was found to be the most sensitive and the 
~ magna assay the least sensitive in distinguishing be-
tween grades of sediment toxicity. However, based on 
lethality, the ~ tentans assay was less sens1t1ve than the 
~ magna assay. Correlations between the results of all 
the assays existed, but the results of one assay d1d not 
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accurately pred1ct the results of the other two. 
Bioavailability can best be described us1ng a phys1o-
log1cal response of an organism, in this case, sequester1ng 
of heavy metals in tissues. Possible tissues to consider 
include l1ver, bile duct and gall bladder: previous work 
found little val~e in muscle tissue as an indicator [2]. 
This study also found cadmium, chromium, lead and z1nc 1n 
the livers of omn1vorous and p1scivorous fish. At that 
time no data were available for planktivorous fish [2]. 
Similar results were found in a study of metal-
contaminated lakes in the Sudbury region of northeast 
Ontar1o. Analyses of fish tissues revealed that muscle 
was a poor indicator of increased metal availabil1ty. 
Liver tissue proved to be a good indicator for copper, and 
kidney tissue for nickel [18]. 
It has been demonstrated that uptake via the g1lls 1s 
a primary mechanism for the water-soluble fraction of metal 
contaminants [19, 20]., In heavily polluted aquat1c systems 
with elevated contamination of particles and prey organ-
isms, metal uptake by the intestinal lumen may be of pri-
mary 1mportance. Dallinger and Kautzky [21] found evidence 
that the uptake of heavy metals through a short food cha1n 
by rainbow trout, Salmo ga1rdneri, can be an important 
factor in the heavy metal budget of the fish. 
Theoretically, the ma1n routes of exposure of f1sh to 
cadm1um would occur through the food, water, or a comb1na-
t1on of both. However, Hatakeyama and Yasuno [22] demon-
12 
strated w1th a combined feeding and exposure to water 
levels study, that for cadm1um, the princ1pal route appears 
to be via the water. Williams and G1esy [23] found no 
s1gn1ficant increase in whole-fish cadmium levels in con-
trol water regardless of food concentrat1on, whereas fish 
subjected to 10 ugjl in the water had significantly higher 
cadmium residues than the control. That the gills are the 
' 
primary site of 'uptake is supported by several studies [19, 
24]. Accumulation of cadmium within specific tissues once 
uptake occurs has also been well documented [25-28]. These 
authors found that cadmium was principally d1stributed in 
the kidney, l1ver and gills. 
Excretion,of heavy metals in vertebrates occurs ma1nly 
through renal and biliary pathways. Factors affect1ng 
excretion of heavy metals include chelating agents, syner-
gistic effects, fluctuations in acid-base equilibria, 
nutritive status, parasite load, or otherwise poor environ-
mental conditions. S1nce these same factors affect the 
excretion of essential metals, any change in homeostasis 
may indicate concentration changes in these metals as well. 
A study by Grahl et al. [29] on the excret1on of heavy 
metals by fish, tested the util1ty of fish b1le as an 
indicator of environmental toxicants and for ident1f1cation 
of chron1c heavy metal intoxicat1on. These heavy metal 
complexes usually occur as low-molecular weight compounds 
while higher molecular we1ght compounds such as metalloth1-
oneines are filtered by glomeruli bu~ then undergo reab-
13 
sorption. Gel-permeat1on stud1es find evidence of h1gher- ~ 
molecular weight compounds 1n the bile. 
Although analysis for the presence of metallothionein 
has been suggested by Roch et al. [30] as an alternative 
indicator of heavy metals, other data show that in the 
natural environment, two low-molecular weight non-metallo-
thlonein proteins are involved in the detoxification of 
cadmium. A study by Thomas et al. [20] found that at 
relatively low levels of cadmium such as in natural waters, 
two proteins in the liver and kidney were active in seques-
tering the cadmium while metallothioneins in the liver were 
not activated except at very high levels, 1e. 1000 ugjml. 
Because of difficulties described previously there can 
be no universally accepted scale for monitoring contamina-
tion by metal residues in fish. Applications on a local 
scale and in particular, in long-range studies, seem more 
appropriate. 
Given the preced1ng observations, analyses of t1ssues 
such as liver, kidney, and g1ll of f1sh seems to be the 
most appropriate monitor for the presence of low-level 
chronic metal contaminants. To estimate the bioavailabill-
ty of these contaminants in Grand Lake, metal levels in 
tissues of fish collected from the lower end will be com-
pared with those from the upper end of the lake. Gizzard 
shad, Dorosoma cepedianum are relatively terr1torial and 
thus, spend a major1ty of their life cycle in a relatively 
small area of the lake. Shad are filter-feeders, stra1n1ng 
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detr1tus from the bottom and plankton from the water. 
Analys1s of l1ver and k1dney tissue will provide a means of 
estimating recent exposure. 
Since a similar, previous study [2] was done 1n 1982, 
further research based on the same parameters should pro-
Vlde some insight into the long-term effects of heavy 
metals loading on the fish of this aquatic system. Also, 
background data have been accumulated on the metal concen-
trations at different depths of Grand Lake since that 
period. 
Most criteria for assessing the aquatic environment 
have been based on aqueous concentrations in the water 
column. However, sediment quality may also affect aquat1c 
life and criteria have recently been developed to assess 
these effects. 
One approach involves the concept of the sediment 
quality tr1ad [31] developed by Chapman which incorporates 
in situ studies, sediment bioassays and sediment chem1stry. 
When appl1ed to the present study, incorporation of 1n situ 
bioaccumulation levels with results of laboratory b1oassays 
on natural sediments and results of sediment chem1cal 
analysis should provide an estimate of whether or not the 





Water and sediment samples 
Water and sediment samples were collected from four 
previously establ1shed sampling stations selected by the 
Grand River Dam Authority. 
GRDA #1 {Station 1) was located approximately 40 m1les 
upstream from the Pensacola Dam and approx1mately 2.5 
miles downstream of the confluence of the Spring and Neosho 
R1vers. Maximum depth was 45 feet and the shoreline was 
steep with abundant vegetation. 
GRDA #2 (Station 2} was located underneath Sa1lboat 
Br1dge, approximately 23.5 miles upstream of the Pensacola 
Dam. Maximum depth was 70 feet and the shorel1ne was 
relat1vely flat with plentiful vegetat1on. 
GRDA #3 (Station 3} was located near Two Tree Island, 
approximately 11.5 miles upstream from the Pensacola Dam. 
Max1mum depth was 112 feet. The shorel1ne was extens1vely 
developed with residential areas Just above the flood 
pla1n. 
GRDA #4 (Station 4) was located approx1mately 1 m1le 
upstream of the Pensacola Dam with a maximum depth of 112 
feet. 
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F1sh collect1on sites 
F1sh were collected from stat1ons 1 and 4 to compare 




MATERIALS AND METHODS 
METALS ANALYSIS , 
Sample handl1ng 
All glass and plastic ware used 1n collection and 
analysis of water, sed1ment and f1sh tissue samples was 
washed with detergent and rinsed with ac1d and double-
dlstllled water. Fish samples were dissected as soon as 
poss1ble after capture and were frozen when c1rcumstances 
d1d not permit immediate d1ssection. Sed1ment samples were 
stored at 4 degrees Celcius. 
Quality control 
In the spectrophotometr1c analys1s for heavy metals of 
water, sediment and f1sh tissues, a duplicat1on rate of at 
least 20% was ma1ntained. Standard practice 1ncluded 
analys1s of f1eld blanks (for water sample analys1s), 
procedural blanks and EPA quality control reference solu-
tions, including analysis of freeze-dr1ed f1sh reference 
tissues. 
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Water and sediment collection and analysis 
Var1ables measured in the field 1ncluded turb1d1ty, 
Secchi disk transparency, conductiv1ty, pH, temperature 
and d1ssolved oxygen. Measurements were made with a 
Hydro-lab Digital 4041, Yellow Springs Instrument d1ssolved 
oxygen f1eld meter and turbidity was measured w1th a HACH 
turb1dimeter. Water samples were collected with an acryl1c 
Van Darn water sampler for measurement of the follow1ng 
metals: arsenic, cadmium, copper, mercury, lead, 1ron, 
z1nc and selenium. Samples were filtered through a 0.45 urn 
membrane for analysis of dissolved and suspended metal 
content. The analyses were performed with a Perk1n Elmer 
Model 5000 Atom1c Absorption Spectrophotometer equ1pped for 
both flame and graphite furnace analysis. Water samples 
were collected once a month for four months and sed1ment 
samples were collected twice dur1ng the same per1od. 
Methods for metals analysis were taken from USEPA Methods 
for the Chem1cal Analys1s of water and Wastes (32]. 
Fish collection and analysis 
Gizzard shad were collected by personnel of the Okla-
homa State Un1versity Cooperative Fish and W1ldl1fe Unit 
via electroshock and gill nett1ng from Station 4 from mld-
Aprll to mld-May. F1sh from stat1ons 1 and 2 were collect-
ed by throw net in mid-September by a local fisherman. 
All analyses of liver and kidney tissue were performed 
via atomic absorpt1on spectrophotometry after ac1d d1ges-
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t1on. Individual organs were weighed to 5 dec1mal places 
on a Mettler H20T analytical balance. Tissues and sed1ment 
were digested according to USEPA's Method 3050 [33] and can 
be summarized as follows: A homogeneous 0.1 - 2.0g sample 
(wet weight) was digested w1th concentrated nitric ac1d and 
hydrogen peroxide. The digestate was refluxed with n1tr1c 
acid and diluted to the appropriate volume with 0.2 N 
nitric acid (depending on the original tissue weight) . 
Necessary reagents included double distilled water, 
reagent grade concentrated nitric acid and 30% hydrogen 
peroxide. 
SEDIMENT EXTRACT BIOASSAYS 
Sample collection 
Sediment sampl~s were collected with an Ekman dredge 
at the four main stations described previously, GRDA #'s 1 
- 4. Several grabs were made along a transect at each 
location and a composite prepared on site in polyethylene 
buckets. The composite sediment samples were stored 1n 
polyethylene bottles and iced immediately. Al1quots were 
taken for metals analysis and extract preparat1on. 
Laboratory Control 
For each assay, a laboratory co~trol of Hard Reconstl-
tuted Water (recon) was tested concurrently. Recon was 
prepared by adding measured amounts of NaHC03, caso4 ·H2o, 
Mgso4 , and KCl to deionized dist1lled water in accordance 
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w1th USEPA procedures [34]. Hard Recon has a pH of about 
7.6 - 8.0, an alkalinity of 110 - 120 and a hardness of 
about 160 - 180, both measured as mgjl of caco3 . 
Extract preparation 
Sediment extracts were prepared to investigate poten-
tial effects upon two species of daphnids, one species of 
amph1pod and fathead minnow embryos. A measured port1on of 
the sediment was treated at pH 4, 8 and 10 and tumbled for 
24 hours in either Grand Lake column water from the appro-
priate station or reconstituted water of the appropriate 
hardness. The extracts were contained in polyethylene 
bottles and tumbled in a Rotatox tumbling un1t. A 1:4 
sediment to water ratio was maintained for all extract 
preparation. At 1, 4, 12 and 23 hours, the pH was moni-
tored and readjusted if necessary. At the end of the 24-
hour period, the pH for all samples was adjusted to pH 8 
and either centrifuged for 15 minutes at 10,000 rpm or 
allowed to settle overnight before introduction of the test 
organisms. 
7-d Ceriodaphnia dubia Survival 
and Reproduction Test 
This assay was performed according to USEPA's Method 
1002.0 [34]. Less than 24-hour old neonates were used. 
Endpoints compared were survival and reproduct1on. Test 
water was renewed daily and neonates counted and removed. 
Mean total numbers of young produced at the end of the 7-d 
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3-brood period were compared. See Table 1 for a summary of 
test cond1t1ons. Grand Lake column water samples collected 
approximately half a meter below the surface of Stations 1 
- 4 were tested. 






















Test chamber size: 
Test solution volume: 
Renewal of test 
solutions: 
Age of test 
organisms: 
No. neonates per 
chamber: 








26.o ± 1.0 °c 
ambient laboratory 1llum1-
nation 
10 - 20 uE;m2;s 




<24 h, and released within 
an 8-h period 
1 
10 
fed 0.1 ml each of TCY and 
algal suspension daily 
none 
Hard Reconstituted Water 
Grand Lake column water 
from four stations collec-
ted approximately half a 
meter below the surface 
96-h ~ magna survival assay 
After the 24-hour tumbl1ng per1od, sed1ment extracts 
were adjusted to pH 8 and a 500-ml al1quot of each extract 
poured into 4 250-ml polycarbonate centrifuge bottles and 
centrifuged for 15 minutes at 10,000 rpm. Three of the 
bottles containing 100 ml each were used as replicates 1n a 
96-h ~ magna toxicity test. Eight juven1le ~ magna were 
used per replicate. The organisms were fed one drop of TCY 
d1gest per bottle on Days 0 and 2 of the test. At the end 
of the 96-h period, the overlying water was filtered 
through a fine mesh screen and the organ1sms recovered and 
counted. 
The overlying water, about 200 ml, in the remain1ng 
centrifuge tube was used 1n a teratogenic1ty assay, monl-
tored for physical-chemical parameters and a 100-ml al1quot 
f1ltered for suspended and dissolved metal levels. At the 
end of the 96-h test period, overlying water from the three 
replicates was combined for measurment of physical-chem1cal 
parameters. 
~ azteca and ~ dub1a 
48-hour assays 
In these assays, only sediment extracts from stat1ons 
1 and 4 were tested. Grand Lake column water was used 1n a 
1:4 sed1ment to water ratio. The m1xture was tumbled as 
before and all extracts adjusted to pH 8 at the end of the 
24-hour tumbling period. 
F1fteen ml of the extract were poured 1nto 30-ml plas-
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tic containers for the ~ dubia assay and 10 ml per 
plastic petri d1sh for the ~ azteca assay. The extracts 
were allowed to settle overnight before 1ntroduct1on of the 
test organisms. Less than 24-h old ~ dubia neonates and 
1-2 week old ~ azteca juveniles were used. 
Lack of clarity in the extracts tumbled at pH 8 and 10 
prevented an accurate count'on Day 1 of the test. Upon 
termination of the test, the extract was poured through a 
fine mesh screen to recover the organisms. 
Fathead Minnow 7-d Embryo-Larval 
Surv1val and Teratogenicity Assay. 
This assay was performed according to USEPA's Method 
1001.0 [34]. Fathead minnow embryos were exposed to sedl-
ment extracts from four lake stations for seven days 1n a 
stat1c renewable test. On days 2, 4 and 6, the water was 
renewed. Once a day, the test chambers were cleaned by 
removal of dead organisms and egg cases from recently 
hatched larvae. Only those organisms with gross physical 
deformities such as lack of appendages, lack of fusiform 
shape, lack of mobility or other survlval-limiting charac-
teristics were considered abnormal and counted as dead. 
Endpoints compared in this test included total percent 
mortality, comb1ned number of dead embryos and dead and 
deformed larvae. See Table 2 for cond1t1ons employed 1n 
this assay. 
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Table 2. Condit1ons for the Fathead Minnow (~ promelas) 






















Test chamber size: 
Test solut1on volume: 
Renewal of test 
solutions: 
Age of test 
organisms: 
No. embryos per 
chamber: 
No. replicate test 
chambers: 








26.o ± 1.0 °c 
ambient laboratory 1llumi-
nation 
10 - 20 uE;m2;s 
16 h light, 8 h dark 
25 ml 
8 ml 






aerated for 30 minutes 
before intiation of test 
Hard Reconstituted water 
sediment from 4 stations 
extracted at pH 4, 8 and 
10 
All statistical analyses were performed Wlth the aid 
of TOXSTAT, a statistical software package (35]. Shap1ro-
Wilks Test (p=0.01} and Bartlett's Test were used to test 
for normality and homogeneity of variance, respectively. 
All percent surv1val or percent mortality data were trans-
formed (arc-sine) before analysis. Reproduction data for 
the 7-day ~ dubia assay were compared with a non-paramet-
ric method, Steel's Many-One Rank Test (a=0.05). All other 
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comparisons were made w1th Tukey's Test or Mean Compar1son 
(p=O. 05) • 
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CHAPTER V 
RESULTS AND DISCUSSION 
BIOASSAYS 
7-d ~ dubia Survival 
and Reproduction Assay 
Ten replicates per sample of column water were used. 
The average number of young produced at the end of 7 days 
was 21.5 for the co~trol and ranged from 19.5 to 24.6 for 
the four samples tested. No s1gn1ficant d1fference 1n 
survival or reproduction was detected when the control was 
compared against lake samples (Table 3). 
Table 3. ~ dubia survival and reproduction data 
Sample Total No. Mean SD 
Station Tested Surviving No. of young 
Hard Recon 10 10 21.5 1.96 
1 Surface 10 10 19.5 2.64 
2 Surface 10 9 23.3 3.74 
3 Surface 10 9 24.6 4.81 
4 Surface 10 10 20.1 7.70 
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48-h ~ dubia and ~ azteca assays 
Ten replicates per sample for ~ dubia and 3 repli-
cates per sample for ~ azteca were employed in these 
assays. Samples tested 1ncluded a control of untreated 
hard recon and hard recon and sediment from Stations 1 and 
4 extracted at pH 4, 8 and 10'. Since the extracts were 
prepared with Grand Lake column water, blanks consisting of 
column water from Stations 1 and 4 were also tested. 
Flsher's Exact Test (35] showed no signif1cant d1fference 
when compared to.the control. 
96-h ~ magna survival assay 
Percent survival data for three replicates of eight 
organisms each were averaged and compared using Tukey's 
Method of Multiple Comparisons after arc-sine transforma-
tlon (35]. When extracts from sed1ment from Stations 2 and 
3 were compared, no significant difference was found. When 
extracts from Stations 1 and 4 were compared, sed1ment from 
Station 4 extracted at pH 4 produced a mean of 83 percent 
mortality and was significantly d1fferent from the control 
and all other groups. Surviva~ for the laboratory control 
was 96 percent and ranged from 91.7 - 75.3 percent for the 
recon blanks (Table 4). 
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Table 4. Summary of results of 96-h !h. magna sediment 
extract surv1val assay 
Fraction surv1val 
Sample (pH) Mean Mean S1gn1f1cance 
Transformed Original 
aHard Recon (I) 1. 334 0.960 
Hard Recon (4) 1.160 0.837 
Hard Recon (8) 1.278 0.917 
Hard Recon (10) 1. 060 0.753 
Station 1 (4) 1.278 0.917 
Station 1 (8) 1.393 1.000 
Station 1 ( 10) 1.278 0.917 
Station 2 (4) 1.334 0.960 
Station 2 (8) 1. 393 1.000 
Station 2 (10) 1. 393 1.000 
stat1on 3 (4) 1.393 1. 000 
Station 3 (8) 1.278 0.917 
Station 3 (10) 1. 334 0.960 
Station 4 (4) 0.420 0.170 * 
Station 4 (8) 1. 393 1. 000 
Station 4 (10) 1. 393 1. 000 
aLaboratory control 
*significant at p = 0.05 
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7-d Fathead Minnow Survival 
and Teratogen1city Assay 
Three replicates of eight embryos each were used per 
sample. Tukey's Method yielded no sign1ficant d1fferences 
between groups when recon and sed1ment from Stat1ons 1 and 
4 were compared (35]. When the control and sediment from 
Stat1ons 2 and 3 were compared, mean transformed percent 
mortality for Station 3 sediment treated at pH 10 was 
sign1ficantly greater than percent mortality 1n the con-
trol. However, this observed mortality was probably due to 
fungal growth in the three replicate test chambers. Fungal 
growth did not occur 1n any other extracts or control 
groups. When compared solely on the basis of pH, mean 
percent mortality for Station 4 sed1ment at pH 8 was S1g-
nif1cantly greater than percent mortality in the control 
(Table 5). High levels of d1ssolved cadmium and lead 1n 
both groups may be respons1ble for some tox1c1ty (Tables 10 
and 11). 
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Table 5. Summary of results of 7-d Fathead Minnow surviv-
al and teratogenicity sediment extract assay 
Fraction Mortality 
Sample (pH) Mean Mean Significance 
Transformed Original 
aH. Recon (I) 0.178 0.000 
H. Recon (4) 0.420 0.170 
Station 1 (4) 0.357 0.127 
Station 2 (4) 0.472 0.210 
Station 3 (4) 0.241 0.043 
Station 4 (4) 0.408 0.337 
aH. Recon (I) 0,.178 0.000 
H. Recon (8) 0.178 0.000 
Station 1 (8) 0.357 0.127 
stat1on 2 (8) 0.420 0.170 
Station 3 (8) '0.455 0.210 
station 4 (8) 0.587 0.310 * 
aH. Recon (I) 0.178 0.000 
H. Recon (10) 0.241 0.043 
Station 1 (10) 0.241 0.043 
station 2 (10) 0.559 0 o 293 I 
bstat1on 3 (10) 0.637 0.363 
Station 4 (10) 0.603 0.337 
aLaboratory control 
*significant at p=b.o5· 
bFungal infection 
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Table 6. Summary of results of assays 
Organism 
Tested 
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Values from the USEPA oual1ty Criteria for Water, 1986 
were used in the comparisons of sediment extract and column 
water levels [36]. Values for the protection of freshwater 
organisms are applicable to waters with 100 mgjl hardness 
measured as caco3 . 
Table 7. Summary of USEPA Water Quality Cr1tera 
Element Ambient aProtect1on of Freshwater 
Water Organ1sms 
Qual1ty 
As "O" 190 ugjl 
Cd 10 ugjl 1.1 ugjl 
Cu 1 mg/1 12 ugjl 
Fe 0.3 mg/1 1.0 mg/1 
Pb 50 ugjl 3.2 ugjl 
se 10 ugjl 35 ugjl 
Zn 5 mg/1 320 ugjl 
aat 100 mg/1 hardness 
oual1ty Criteria for Water 1986. USEPA 440/5-86-001 
Sediment extracts 
Results of metals analyses of sediment extracts show 
some levels greater than the criterion set forth by the 
USEPA for the protection of aquatic l1fe. Levels of sus-
pended lead in the set of extracts used in the 48-h ~ 
dubia and~ azteca assays exceed the criter1on of 3.2 
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ugjl. Other metals in excess of the USEPA limits [36] 
include d1ssolved cadmium and zinc and suspended z1nc, 1ron 
and copper (Tables 8 and 9) . , 
Table 8. Levels of zinc, cadmium and lead in Grand Lake 
sediment extracts used in ~ dubia and ~ azteca 
assays 
Element Zn Cd Pb 
Units mg/1 ugjl ug/1 
astationj Susp. Diss. Susp. Diss. Susp. DlSS. 
Sample (pH) 
Recon (unt.) 0.036 0.013 <0.10 <0.10 <1. 50 <1.50 
Recon (4) 0.021 0.052 <0.10 0.20 b4.86 1. 76 
Recon (8) 0.013 0.023 <0.10 <0.10 1.87 <1.50 
Recon (10) 0.014 0.013 <0.10 0.12 <1.50 <1.50 
1 w (4) 0.024 0.023 ' 0.21 0.11 b6.23 <1.50 
1 w (8) 0.029 0.015 <0.10 <0.10 <1.50 <1.50 
1 w (10) 0.063 0.013 <0.10 <0.10 <1.50 <1. 50 
4 w (4) 0.142 0.066 <0.10 0.15 b6.03 3.05 
4 w (8) 0.075 0.041 <0.10 0.29 1. 61 <1.50 
4 w ( 10) 0.025 0.052 0.11 0.39 <1.50 <1. 50 
1 s (4) 0.104 bo.4o9 0.17 0.35 b3.87 <1.50 
1 s (8) 0.254 0.010 0.37 1.10 b7.75 <1.50 
4 s (4) 0.239 0.142 0.25 b1.17 b8.38 <1.50 
4 s (8) bo.659 0.018 0.66 <0.10 b36.07 <1.50 
aw = column water 
S = sediment 
bExceed USEPA criteria (Table 7) 
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Table 9. Levels of 1ron and copper 1n Grand Lake sed1ment 
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Levels of dissolved metals wh1ch exceed USEPA criter1a 
appear to occur more frequently 1n sed1ment extracted at pH 
values of 8 and 10, regardless of location of station on 
the lake (Tables 10 and 11). 
Table 10. Levels of zinc, cadmium and lead in Grand Lake 
sediment extracts used in ~ magna and~ 
12romelas assays 
Element Zn Cd Pb 
Units mg/1 ugjl ugjl 
stat1on; Susp. Diss. Susp. Diss. Susp. 01SS. 
Sample (pH) 
Recon (unt.) 0.101 0.033 0.41 0.11 1.86 <1.50 
Recon (4) 0.042 0.090 0.14 0.14 2.18 2.15 
Recon (8) 0.022 0.010 0.26 0.10 d4.02 d4.57 
Recon ( 10) 0.011 0.036 0.18 0.14 2.48 1. 61 
1 s (4) 0.113 do.476 0.58 0.98 da17.96 <1. 50 
1 s (8) d0.396 0.095 d2.26 0.21 30.86 1. 60 
1 s ( 10) 0.216 0.105 d1.44 d1.54 d19.95 2.68 
2 s (4) 0.074 0.306 0.35 0.54 d5.52 <1.50 
2 s (8) 0.307 0.051 0.91 0.24 d22.23 <1.50 
2 s ( 10) do.925 do.398 d1.21 0.42 d59.74 d5.96 
3 s (4) 0.062 0.112 0.64 0.14 d4.34 <1.50 
3 s (8) 0.318 0.093 0.69 0.60 d19.03 <1.50 
a3 s (10) do.544 dl. 493 dl. 77 dl. 74 d29.73 d36.23 
b4 s (4) 0.062 0.163 0.36 0~21 d3.91 <1. 50 
c4 s (8) 0.274 0.253 0.71 1. 09 d23.75 d9.55 
4 s ( 10) do.672 0.199 1.01 d1.17 d31. 67 3.04 
a,csignificant mortality to fathead minnow embryos 
bsignificant mortality to ~ magna 
dExceed USEPA criteria (Table 7) 
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Table 11. Levels of iron and copper in Grand Lake sedi-
ment extracts used in ~ magna and ~ promelas 
assays 
Element Fe Cu 
Units mgjl ugjl 
Station/ Susp. Diss. Susp. Diss. 
Sample (pH) 
Recon (unt.) <0.06 <0.06 6.94 8.13 
Recon (4) <0.06 <0.06 d21. 59 3.18 
Recon (8) <0.06 <0.06 5.78 2.18 
Recon (10) <0.06 <0.06 4.10 2.82 
1 s (4) d3.34 <0.06 6.30 2.89 
1 s (8) d21. 89 0.16 d16.01 8.03 
1 s (10) d19.95 0.21 8.50 d36.86 
2 s (4) d5.48 <0.06 4.12 3.26 
2 s (8) d20.33 0.21 d16.31 8.95 
2 s (10) d100.9 d6.50 d23.94 d42.27 
3 s (4) d3.24 <0.06 2.36 4.83 
3 s (8) d37.9 0.60 8.26 d13.29 
a3 s ( 10) ds9.7 ds3.3 d22.96 d102 
b4 s (4) d2.18 <0.06 4.82 2.43 
c4 s (8) d33.3 d7.81 10.32 d43.03 
4 s (10) d71.0 0.64 d36.53 d20.95 
a,csignificant mortality to fathead minnow embryos 
bs1gnificant mortality to ~ magna 
dExceed USEPA criteria (Table 7') 
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Hardness measured as mgjl Caco3 increased in the sed1 
ment extracts treated at pH 4, possibly mediat1ng tox1c1ty 
due to high levels of dissolved metals (Tables 12 and 13). 
Table 12. Physical-chemical data for sediment extracts 
used in ~ dubia and ~ azteca assays 
Sample Alkalinity Hardness Conductivity pH DlSS. Temp. 
(pH) mgjl as Ca C03 uohmsjcm3 s.u. oxygen °c 
mgjl 
R. (unt.) 114 142 490 8.2 8.2 26.2 
R. (4) 42 154 650 7.8 7.9 26.2 
R. (8) 118 150 500 8.2 7.8 26.2 
R. (10) 114 108 605 8.2 7.8 26.2 
1 w (4) 14 114 495 7.3 7.8 26.2 
1 w (8) 80 110 390 8.0 7.9 26.2 
1 w (10) 76 106 340 8.0 7.8 26.2 
4 w (4) 20 116 405 7.5 8.0 26.2 
4 w (8) 72 118 380 8.0 7.9 26.2 
4 w (10) 62 60 350 8.0 7.9 26.2 
1 s (4) 116 620 2500 7.1 7.4 26.2 
1 s (8) 80 160 800 8.1 7.2 26.2 
1 s (10) 166 160 560 7.8 5.0 26.2 
4 s (4) 84 840 2200 7.5 7.2 26.2 
4 s (8) 154 200 500 7.4 4.2 26.2 
4 s (10 336 200 800 7.8 1.0 26.2 
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Table 13. Physlcal-chemlcal data for sed1ment extracts 
used 1n IL._ magna and ~ Qromelas assays 
Sample Alkalinity Hardness Conductiv1ty pH Dlss. Temp. 
(pH) mg/1 as Ca C03 uohmsjcm3 s.u. Oxygen °c 
mg/1 
R. (unt.) 96 140 499 8.4 8.0 24.9 
R. (4) 34 130 800 7.8 8.2 24.9 
R. (8) 96 134 600 8.4 8.0 24.9 
R. (10) 98 100 620 8.5 8.2 24.9 
1 s (4) 16 650 2200 7.5 8.0 24.9 
1 s (8) 108 620 8.1 8.0 24.9 
1 s (10) 192 110 1510 8.4 7.8 24.9 
2 s (4) 74 1300 4150 7.8 7.9 24.9 
2 s (8) 136 90 1000 8.2 7.6 24.9 
2 s (10) 148 120 1350 8.1 9.0 24.9 
3 s (4) 152 1250 3600 8.1 8.0 24.9 
3 s (8) 156 80 600 8.1 8.5 24.9 
3 s (10) 124 110 2000 7.8 11.7 24.9 
4 s (4) 158 1340 3500 7.5 5.5 24.9 
4 s (8) 152 100 600 8.5 6.5 24.9 
4 s (10) 1.48 80 1450 8.3 8.9 24.9 
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Significantly greater quantit1es of d1ssolved metals 
were leachable from sediments extracted at the higher pH 
values of 8 and 10, even though the total quantities of 
metals in the lower portion of the lake are less than in 
the upper end. This may be due more to the chemical form 
or species than the actual amounts present. DiToro [37] 
has recently hypothesized that the quant1ty of iron sulfide 
in sediments may b~ controlling availability of trace 
metals. Since most toxic metals form 1nsoluble metall1c 
sulfide salts in the presence~ of, ferrous sulfide, high 
levels of sulfides would prohibit solubilization of tox1c 
metals from sediments 1nto the overlying water column unt1l 
all the sulfides had either reacted with more electronega-
tive elements or oxidized to sulfates. Since anox1c condl-
tions were observed, for bottom water and sediments, most 
metals would probably remain bound (Appendix - Field Data) . 
The sediments in the upper end of Grand Lake appear to 
be strongly reduced, ie., dark brown to black in color w1th 
a strong sulfide odor. This condition may result 1n a 
stronger sequestering of the toxic metals as 1nsoluble 
sulfide salts and thus reduce transport throughout the 
lower port1on of Grand Lake. Obviously, some metals are 
transported to the .lower portion of the lake as ev1denced 
by ~ magna bioassay results, however, the phys1cal-chem1-
cal conditions in the upper end of lake are acting as a 




Levels of suspended metals 1n excess of USEPA cr1ter1a 
occur most frequently for Station 1, below the confluence 
of the Spring and Neosho Rivers and gradually decrease at 
the lower stations. Levels of d1ssolved metals are lower 
overall than suspended, and aga1n, gradually decrease 
toward the lower portion of the lake. 
Table 14. Levels of suspended metals in Grand Lake column 
water - Station 1 
Date 6-89 7-89 8-89 10-89 
aoepth s B bs bB s B s B 
Element 
Fe, mg/1 c1.45 c2.89 c3.58 c4.42 cl. 03 c3.11 0.55 0.70 
Cd, ug/1 0.19 0.45 <0.10 <0.10 <0.10 0.12 0.21 0.23 
Pb, ugjl <1. 00 3.06 c7.51 c4.54 c2.74 c5.98 <1. 00 1.9 
Zn, mgjl 0.03 0.07 0.15 0.12 0.05 0.14 0.04 c0.71 
cu, ugjl 2.96 4.72 5.24 3.38 5.43 9.49 2.10 2.49 
As, ugjl <1.5 3.12 5.42 4.74 4.78 4.54 <1. 5 <1.5 
Se, ugjl 7.32 4.58 5.68 5.61 4.62 7.02 9.08 11.18 
as = approx1mately half a meter below surface 
B = approximately half a meter above bottom 
bmean of tripl1cate samples 
CExceed USEPA criter1a (Table 7) 
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Table 15. Levels of suspended metals in Grand Lake column 
water - Stat1on 2 
Date 6-89 7-89 8-89 10-89 
a Depth bs bB s B s B s B 
Element 
Fe, mgjl 0.62 cl. 33 0.46 c2.85 0.23 c3.19 0.41 c4.34 
Cd, ugjl 0.60 0.27 0.41 0.30 <0.10 <0.10 0.22 0.54 
Pb, ug/1 <1.0 2.95 <1. 0 c3.20 <1. 0 2.11 2.01 c7.68 
Zn, mg/1 0.03 0.10 0.16 0.08 0.05 0.09 0.05 0.12 
cu, ug/1 5.47 8.98 2.97 4.82 3.11 4.13 2.40 6.24 
As, ugjl 3.27 3.51 4.48 4.24 4.56 3.96 <1.5 <1.5 
Se, ugjl 4.18 5.06 5.00 4.94 5.68 5.14 4.18 13.96 
as = approximately half a meter below surface 
B = approximately half a meter above bottom 
bmean of tripl1cate samples 
cExceed USEPA criteria (Table 7) 
Table 16. Levels of suspended metals in Grand Lake column 
water - Station 3 
Date 6-89 7-89 8-89 10-89 
a Depth s B s B s B s B 
Element 
Fe, mg/1 0.17 0.46 0.27 0.83 0.07 0.28 0.25 0.24 
Cd, ug/1 bl.83 0.64 <0.10 <0.10 <0.10 <0.10 0.63 0.28 
Pb, ug/1 <1. 0 b3.28 <1.0 <1. 0 1.81 <1. 0 b5.13 b8.17 
Zn, mg/1 0.05 0.30 <0.01 0.07 0.02 0.01 0.07 0.21 
cu, ug/1 7.59 7.41 1.85 2.36 2.58 3.63 4.24 1. 08 
As, ug/1 3.28 3 0 46. 4.30 4.22 4.06 <1.5 <1.5 
se, ugjl 6.68 7.56 6.16 7.24 6.10 5.66 5.56 
as = approximately half a meter below surface 
B = approximately half 
bExceed USEPA cr1ter1a 
a meter above bottom 
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Table 17. Levels of suspended metals 1n Grand Lake column 
water - Stat1on 4 
Date 6-89 7-89 8-89 
a Depth s B s B bs bB 
Element 
Fe, mgjl <0.06 0.35 0.35 0.17 0.09 0.27 
Cd, ugjl 0.49 0.47 0.10 <0.10 <0.10 <0.10 
Pb, ug/1 <1.0 <1.0 <1.0 <1. 0 <1.0 <1. 0 
Zn, mg/1 0.07 0.03 0.03 0.09 0.03 0.03 
cu, ugjl 4.07 4.77 4.70 2.01 3.79 2.55 
As, ugjl 3.64 3.70 4.26 4.12 <1.5 <1.5 
Se, ugjl 7.74 7.18 5.32 5.36 <2.0 <2.0 
as = approximately half a meter below surface 
B = approx1mately half a meter above bottom 
bmean of triplicate samples 










Table 18. Levels of dissolved metals in Grand Lake column 
water - Station 1 
Date 6-89 7-89 8-89 10-89 
a Depth s B bs bB s B s B 
Element 
Fe, mgjl 0.06 0.09 0.14 0.24 0.11 0.11 0.16 0.12 
Cd, ugjl cl. 56 0.72 0.02 <0.10 <0.18 <0.10 <0.10 <0.10 
Pb, ugjl <1. 0 <1. 0 <1.0 <1. 0 <1.0 <1.0 c26.03c15.04 
Zn, mg/1 0.02 0.06 0.02 0.03 0.05 0.07 0.09 0.10 
Cu, ugjl 2.97c13.09 5.85 5.0 3.27 3.14c47 c40 
As, ugjl 3.12 3.48 4.09 4.08 3.92 5.44 
se, ugjl 8.92 8.92 8.95 9.18 16.70 22.76 
as = approx1mately half a meter below surface 
B = approximately half a meter above bottom 
bmean of tr1plicate samples 




Table 19. Levels of dissolved metals 1n Grand Lake column 
water - Station 2 
Date 6-89 7-89 8-89 
a Depth bs bs s B s B 
Element 
Fe, mg/1 0.07 0.13 0.02 <0.06 <0.06 <0.06 
Cd, ugjl 0.20 0.60 <0.10 <0.10 <0.10 <0.10 
Pb, ugjl <1.0 <1.0 <1.0 <1.0 <1. 0 <1.0 
Zn, mg/1 0.03 0.05 0.01 0.11 0.03 0.02 
Cu, ugjl 3.56 4.88 3.94 1.03 2.64 3.85 
As, ugjl 3.38 3.01 4.46 4.48 3.60 5.30 
se, ugjl 8.93 7.39 7.70 9.30 11.48 12.62 
as = approximately half a meter below surface 
B = approximately half a meter above bottom 
bmean of triplicate samples 










Table 20. Levels of dissolved metals in Grand Lake column 
water - Station 3 
Date 6-89 7-89 8-89 10-89 
Depth s B s B s B s B 
Element 
Fe, mgjl 0.32 <0.06 <0.06 0.87 <0.06 <0.06 0.10 <0.06 
Cd, ugjl 0.47 0.25 0.10 <0.10 <0.10 <0.10 <0.10 <0.10 
Pb, ugjl <1.0 <1.0 <1. 0 b3.62 <1.0 <1.0 1.48 <1.0 
Zn, mg/1 0.05 0.03 0.01 0.08 0.02 0.05 0.04 0.01 
cu, ugjl 3.21 2.55 2.28 9.67 3.22 2.28 2.68 1.98 
As, ugjl 4.48 3.92 4.54 4.64 <1.5 <1.5 <1. 5 
Se, ugjl 9.76 9.86 8.32 9.68 13.62 12.48 14.38 
as = approximately half a meter below surface 
B = approximately half a meter above bottom 
bExceed USEPA criteria (Table 7) 
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Table 21. Levels of dissolved metals 1n Grand Lake column 
water - Station 4 
Date 6-89 7-89 8-89 10-89 
aoepth s B s B bs bB bs bB 
Element 
Fe, mgjl <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 cl. 03 0.24 
Cd, ugjl <0.10 0.30 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 
Pb, ugjl <1.0 <1.0 <1. 0 <1.0 <1.0 <1.0 '<1. 0 <1.0 
Zn, mg/1 0.03 0.03 <0.01 0.02 0.09 0.06 0.10 0.05 
cu, ugjl 1.85 2.31 3.11 1.90 2 .• 71 2.31 2.43 3.92 
As, ugjl 3.86 3.68 4.26 4.36 <1.5 <1.5 <1.5 <1.5 
Se, ug/1 6.30 10.02 7.32 8.12 13.77 14.85 11.35 6.74 
as= approximately half-a meter below surface 
B = approximately half a meter above bottom 
bmean of triplicate samples 
cExceed USEPA criter1a 
Sed1ment 
Sediment samples were collected tw1ce for metals 
analysis. Number of replicates for the first sampling t1me 
was 8 for Stations 1 and 2 and 7 for Stations 3 and 4. For 
the second sampling time 2 replicates were used per sta-
tion. Means were compared using the method of Leas~ 
Squares Means at the 95 percent confidence level. All 
' 
levels of metals in sediment are expressed as wet we1ghts. 
For cadmium, Station 1 and 2 levels were significantly 
higher than Station 4, and Station 1 was also different 
from 3. For iron, levels in Station 1 and 2 sed1ment were 
s1gnificantly higher than levels 1n Stations 3 and 4. Lead 
levels in sediment from Station 1 were sign1f1cantly h1gher 
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than levels from Stations 2, 3 and 4. For z1nc, levels in 
Stat1on 1 sediment were h1gher than levels at Stat1ons 3 
and 4. No s1gnif1cant differences in copper levels were 
found for sediment. Levels of iron, lead, z1nc and cadm1um 
in sediment from Station 1 were lower than previous levels 
reported by McCormick for a similar area [3]. None of the 
levels exceed the United States Geological Survey "Alert 
Levels" for sediments [38]. 
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Table 22. Levels of metals in sediment from Grand Lake 
Sample N, total # Mean standard Element a usGs "Alert 
station replicates Error Levels" 
1 10 1356.6 112.3 Cadmium 20,000 
2 9 930.1 113.8 ugjkg 
3 10 577.2 112.3 
4 9 491.5 113.9 
1 10 11.3 0.54 Iron ------
2 9 11.0 0.54 gjkg 
3 10 7.8 0.54 
4 9 7.8 0.54 
1 10. 16.1 0.97 Lead 500 
2 9 11.9 0.99 mg/kg 
3 10 9.1 0.97 
4 9 10.5 0.99 
1 10 322.2 23.11 Zinc 5,000 
2 9 257.9 23.44 mg/kg 
3 10 198.4 23.11 
4 9 208.5 23.44 
1 10 8472.2 795.0 Copper 2,000 
2 9 7153.5 806.3 ugjkg 
3 10 5097.9 795.0 
4 9 6174.9 806.3 
a United states Geological Survey 
Fish tissue 
Levels of cadmium were measured for gizzard shad 
caught at three stat1ons on the lake: 1, 2 and 4. Sample 
s1ze was 6, 8 and 8, respect1vely. All levels of metals 1n 
tissue are expressed as wet weights. Mean levels of cadm1-
um were determined and compared v1a Tukey's Method of 
Multiple Comparisons [36]. No significant difference 1n 
liver or kidney cadmium levels was found (Tables 23 and 
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2 4) • 
Average levels of lead in liver and kidney tissue were 
compared and no significant difference was found between 
fish caught from Stat1on 1 and those from Station 4. 
Average levels of zinc in livers from fish collected 
from Station 1 were significantly higher than levels in 
fish collected at Stat1on 4, 93.39 and 22.76 mgjkg, respec-
tively. Levels 1n Stat1on 2 f1sh l1vers were also sign1f1-
cantly h1gher w1th an average value of 51.24 ugjkg. For 
kidney t1ssue, levels of zinc in fish collected from Sta-
tion 1 were significantly higher than levels of f1sh from 
Station 4, with values of 262.25 and 77.63 mgjkg, respec-
tively (Table 24). 
Table 23. Levels of metals 1n Gizzard Shad 11vers from 
Grand Lake 
Sample N Mean SD SEM Element 
Station # of Fish 
1 6 0.54 0.45 0.18 Cadm1um 
2 8 0.23 0.12 0.04 mg/kg 
4 8 0.52 0.38 0.13 
1 6 1.97 2.41 0.98 Lead 
2 8 1.04 0.60 0.21 mgjkg 
4 8 0.43 0.41 0.15 
1 6 a93.39 32.79 13.39 Z1nc 
2 8 a51.24 21.27 7.52 mgjkg 
4 8 22.76 7.83 2.77 
a S1gnificant at p = 0.05 level 
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Table 24. Levels of metals in G1zzard Shad k1dneys from 
Grand Lake 
Sample N Mean SD SEM Element 
Station # of Fish 
1 6 0.45 0.51 0. 21 Cadmium 
2 8 0.12 0.09 0.03 mgjkg 
4 8 0.36 0.21 0.08 
1 6 7.44 9.27 3.78 Lead 
2 8 2.54 1.85 0.65 mgjkg 
4 8 0.79 1. 00 0.35 
1 6 a262.25 177.28 72.37 Z1nc 
2 8 176.38 51.63 18.26 mgjkg 
4 8 77.63 59.34 20.98 
asignificant at p = 0.05 level 
Table 25. US EPA reference fish tissue samples 
Element a known observed 
cone. cone. 
mg/kg mgjkg 
Zinc 43.6 42.4 
Cadm1um 0.16 0.15 
Copper 2.21 2.70 
Lead 0.26 0.15 
amean of four repl1cates 





35.5 - 51.7 
bMDL - 0.32 
0.93 - 3.49 
bMDL - 1.10 
Levels of z1nc are significantly higher 1n shad from 
the upper end of the lake compared to shad from the lower 
end. Whether or not these levels are high enough to h1nder 
reproductive success, thus causing a change 1n the popula-
tlon structure, is difficult to determine. Migrat1on of 
fish from the lower end of the lake would probably compen-
sate for any temporary effect, making an assessment based 




Levels of metals 1n the sediments of the upper sta-
t1ons are higher than in the lower stat1ons. Th1s 1s 
demonstrated by both f1sh and water levels: h1gher levels 
of zinc 1n shad from Station 1 than Station 4 and h1gher 
levels of suspended and dissolved metals in Station 1 
column water than Station 4. 
However, the only toxicity observed in any of the 
organ1sms tested occurred with sed1ment extract from Sta-
t1on 4, indicating that the phys1cal cond1tions of sediment 
from the upper stations are acting as a more effect1ve trap 
for the metals. In general, levels of dissolved metals 
extracted at pH 10 are h1gher than those extracted at pH 4, 
independent of station location. This 1s probably due to 
sulfide chem1stry. More metals will remain bound or 1n the 
non-ionic form at lower pH values, depend1ng upon the 




Table 26. Summary of field data for Station 1 
Date 6-89 7-89 8-89 10-89 
station, Depth 1S 1B 1S 1B 1S 1B 1S 1B 
Parameter 
pH 7.9 7.7 7.9 7.6 6.4 7.9 8.0 




27.5 23.8 24.0 24.1 27.0 27.0 16.9 14.2 
Dissolved 9.1 1.2 4.9 0 6.7 6.6 11.9 0 
Oxygen, mgjl 
Alkalinity 122 118 59 60 72 64 124 166 
Hardness 168 170 112 105 112 100 160 166 
Secchi Disk 10 4 14 
J.nches 
Turbidity, 36 58 126 146 39 64 22 81 
N.T.U. 
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Table 27. Summary of field data for Stat1on 2 
Date 6-89 7-89 8-89 10-89 
Station, Depth 2S 2B 2S 2B 2S 2B 2S 2B 
Parameter 
pH 8.5 6.6 9.0 6.9 8.0 




26.0 16.0 24.5 19.4 28.3 17.8 20.4 14.2 
Dissolved 8.0 0 6.9 0 10.0 0 9.9 0 
Oxygen, mg/1 
Alkalinity 87 108 110 96 82 112 82 86 
Hardness 117 136 146 144 118 142 104 146 
Secchi D1sk 14 23 25 18 
Turbidity, 18 45 13 46 76 290 22 81 
N.T.U. 
Table 28. Summary of field data for Station 3 
Date 6-89 7-89 8-89 10-89 
Station, Depth 3S 3B 3S 3B 3S 3B 3S 3B 
Parameter 
pH 8.1 6.6 8.3 6.5 6.9 7.1 




23.1 15.5 24.5 14.8 24.6 15.0 22.8 18.8 
Dissolved 9.1 0 7.2 0 9.6 0 7.0 0.5 
Oxygen, mg/1 
Alkalinity 86 98 134 110 88 102 74 82 
Hardness 110 134 120 136 118 130 110 114 
Secchi Disk 56 49 47 58 
Turb1dity, 3.8 11.0 3.9 5.2 7.0 11.0 8.0 58 
N.T.U. 
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Table 29. Summary of field data for Station 4 
Date 6-89 7-89 8-89 10-89 
Station, Depth 4S 4B 4S 4B 4S 4B 4S 4B 
Parameter 
pH 8.4 7.8 8.3 7.1 8.2 7.5 




25.5 14.0 23.9 11.9 22.8 17.5 
Dissolved 12.0 0.5 8.2 0 8.2 0 
Oxygen, mg/1 
Alkalinity 72 90 86 100 81 105 77 79 
Hardness 108 124 104 136 123 130 112 113 
Secchi Disk 51 72 55 71 
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